Abstract: We aimed to examine whether early life bereavement, as indicator of severe stress, was associated with an increased risk of schizophrenia later in life.
INTRODUCTION

S
chizophrenia is a severe mental disorder characterized by fundamental and characteristic distortions of thinking, perception, and emotions. It has a lifetime risk of 1% 1 and an annual incidence rate of 10 to 20/100,000 person-years. 2, 3 It has been increasingly recognized that genetic predisposition and early environmental exposures interact to shape brain development and function, which may possibly lead to psychiatric disorders including schizophrenia. [4] [5] [6] A recent review 7 based on 61 studies using Swedish national registry data summarizes that schizophrenia has a multifactorial etiological bases with factors surrounding pregnancy, parental age, low socioeconomic status, substance misuse, and poor cognitive performance besides population genetics to be associated with an increased risk of later schizophrenia.
Early childhood adversities, including abuse, neglect, and bullying have been associated with increased risks of a number of psychiatric disorders, 8 such as adult depression, 9 personality disorder, 10, 11 and substance use disorder. 12 A recent metaanalysis indicates that childhood adversity is strongly associated with an increased risk for psychosis. However, the issues regarding the effect of age of exposure to psychosis outcome is not addressed, and the psychosis literature has tended to focus exclusively on hallucinatory and delusional symptoms and not on other symptoms. 13 The death of a close family relative is considered one of the most severe life events 14 and has been associated with different adverse aspects of health and social well-being. 15 Childhood parental loss has been studied in relation to some psychiatric diseases, [16] [17] [18] [19] [20] [21] especially major depression. [16] [17] [18] The studies on schizophrenia have yielded equivocal findings [22] [23] [24] [25] [26] and a number of methodological limitations make it difficult to draw firm conclusions. Furthermore, it has not been clarified the extent to which the severity of the stressful life event would play a role (for example, the closeness of the relationship and multiple losses), or if age at exposure modifies the risk of schizophrenia.
Using nationwide Danish and Swedish data, we estimated the association between exposure to death of a first-degree relative from birth to 18 years of age and the risk of subsequent schizophrenia. In particular, we examined whether the risks differ by nature of the bereavement (child's relationship with the deceased, unexpectedness of the death) and child age at bereavement. 23, 27, 28 
MATERIALS AND METHODS
Ethics Statement
The study was approved by the Research Ethics Committee at the Karolinska Institute in Sweden, and the Research Ethics Committee of the Central Region and the Data Protection Agency in Denmark.
Study Population
We conducted the nationwide cohort study by combining several national registers from Sweden and Denmark. 29 All legal residents in Nordic countries are assigned a unique personal identification number (CPR number), which allows record linkage of individual information between national registers. 30 We used data from the Swedish Multi-generation Register 29 and the Danish Civil Registry System 31 to identify all children born between January 1, 1973, and December 31, 1997, (in Sweden, N ¼ 2,563,659; in Denmark, N ¼ 1,686,416). We followed the children from 10 years of age until emigration, death, the first diagnosis of schizophrenia, or end of follow-up (December 31, 2007), whichever came first. We excluded children who were unable to be linked to their parents (N ¼ 7516, 0.18%), who emigrated (N ¼ 106,807, 2.51%), who died (N ¼ 36,055, 0.85%), and who were diagnosed with schizophrenia before 10 years of age (N ¼ 364, 0.01%). At the beginning of follow-up, there were 188,850 and 3,910,483 children in the exposed and unexposed groups, respectively.
Exposure
We categorized children as exposed to bereavement when they experienced death of a first-degree relative (father, mother, or sibling) from birth to 18 years. The exposure was treated as a time-varying variable. The children who lost a first-degree relative from birth to 10 years of age were allocated to the exposed cohort at the beginning of the follow-up (at 10 years of age). Other children were allocated to the unexposed cohort at the beginning of the follow-up and were moved to the exposed cohort if they lost a first-degree relative from 10 to 18 years of age. Family relatives were identified using the Danish Civil Registry System 31 and the Swedish Multi-generation Register. 29 Information on causes of death and diagnoses was retrieved using 3 versions of the International Classification of Diseases (ICD-8, ICD-9, and ICD-10). In Denmark, ICD-8 was used from 1978 to 1993 and ICD-10 from 1994 to 2007; in Sweden ICD-8 was used from 1973 to 1986, ICD-9 from 1987 to 1996, and ICD-10 from 1997 to 2008.
Information on causes of death was obtained from the Cause of Death Register in Denmark and Sweden, 29 and categorized into 4 groups: death from suicide (ICD-8 codes E950-E959, E980-E989; ICD-9 codes E950-E959, E980-E989; and ICD-10 codes X60-X84, Y10-Y34, Y870, Y872), death from accident/injury (ICD-8 codes E800-E949, E960-E979, E990-E999; ICD-9 codes E800-E949, E960-E979, E990-E999; and ICD-10 codes V01-X59, X85-Y09, Y35-Y98 except Y870, Y872), death from psychiatric disorders (ICD-8 codes 290-315; ICD-9 codes 290-315; and ICD-10 F00-F99), death from other diseases and medical conditions (ICD-8 codes 000-799 except 290-315, ICD-9 codes 000-799 except 290-315, and ICD-10 codes A00-R99 except F00-F99).
In the bereaved cohort, 4.0% of bereaved children experienced >1 loss of relatives from birth to 18 years of age. When multiple losses happened, the first bereavement was used to classify the exposure status of the children in the main analyses. When evaluating the effect of multiple losses, children were categorized into those who experienced >1 loss (n ¼ 7558, 0.2%), a single loss (n ¼ 181,292, 4.4%), and the unexposed (n ¼ 3,910,483, 95.4%).
Outcome
Information on schizophrenia in children was retrieved from the Danish National Hospital Register, 32 which includes diagnoses from all admittance to inpatient care since 1969 and includes outpatients since 1995, and the Danish Psychiatric Central Register, 33 which includes diagnoses from all inpatient and outpatient psychiatric hospital-based units in Denmark. In Sweden, information on schizophrenia was retrieved from the Swedish Hospital Discharge Register, 29 which includes diagnoses on all discharges from psychiatric hospitals since 1973. Schizophrenia cases were diagnosed following the visit to outpatient care or the first admittance to a psychiatric hospital due to schizophrenia (ICD-8 codes 295, 297, 298.2, 298.3, 298.9; ICD-9 codes 295, 297, 298C-298Y; ICD-10 codes F20-F29). If the diagnosis of schizophrenia preceded the bereavement, the children were categorized as unexposed.
Covariates
Information on country, sex, perinatal characteristics (calendar year of child birth, gestational age, parity, birth weight, and Apgar score at 5 minutes), maternal age, and maternal origin were obtained from the Swedish Medical Birth Register established in 1973 34 and Danish Medical Birth Register established in 1968, 35 respectively. We used the Swedish Education Register and the Danish Integrated Database for Longitudinal Labour Market Research 29 to retrieve the information on maternal education and social status. At last, we used the psychiatric registers as described above for cases 33 to obtain the information on family history of psychiatric disorder (ICD-8: 290-315, ICD-9: 290-319, ICD-10: F00-F99).
Statistical Analysis
We estimated incidence rate ratios (IRRs) by applying loglinear Poisson regression model on aggregated person-year data. We adjusted for the following factors, which may be associated with both postnatal stress and schizophrenia: country (Denmark, Sweden), calendar year of childbirth (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) Family history of psychiatric disorder, child age, and calendar year of childbirth were generated as time-dependent variables.
Analyses were repeated by type of deceased relatives of children (father, mother, and sibling), cause of death, and age at bereavement (0-3, 4-9, 10-12, and 13-18 years). Furthermore, the analyses were performed by sex of the deceased parent and sex of the child to evaluate effect of modification by sex of the deceased and child.
We carried out stratified analyses by specific baseline characteristics of study population, including sex, country, birth outcomes (birth weight [<2500, 2500-3249, 3250-3999, !4000 g], Apgar score at 5 minutes [0-6, 7-10], and gestational age [<37, !37 weeks]), maternal characteristics (maternal age, education at birth, and social status), paternal age, and family history of psychiatric disease to assess whether these factors modified the effects of early life bereavement on schizophrenia.
We also evaluated the effect of single and multiple losses of death of first-degree relatives on risk of schizophrenia, and observed whether there was a dose-response relation.
We used SAS 9.2 statistical software packages (SAS Institute, Inc, Cary, NC) for data management and statistical analyses. In all the analyses, we did not make use of the information of subjects with missing values due to a very low proportion of them in exposure and confounder variables in the study.
RESULTS
A total of 188,850 children (4.6%) experienced death of a first-degree relative from birth until 18 years of age, among whom 42,111 (1.03%) children lost a mother, 95,873 (2.34%) lost a father, and 50,866 (1.24%) lost a sibling. During followup (from 1 year to 25 years [median: 11 years]), 17,953 children were diagnosed with schizophrenia during 49.3 million personyears (36.4/100,000 person-years). Table 1 presented the baseline characteristics of exposed and unexposed children. Exposed children tended to be born to older parents, have a lower birth weight, and have a family history of psychiatric disorders. In addition, mothers of exposed children tended to have a shorter term education and higher parity, compared to unexposed children.
Characteristics of Study Population and Schizophrenia
There were significant variations in incidence rate of schizophrenia according to baseline characteristics (Supplemental Table 1 Distribution of cases of schizophrenia in the study population, http://links.lww.com/MD/A619). The risk of schizophrenia in Denmark was 2.5 times that in Sweden, and boys had a 31% higher risk compared to girls. Other risk factors for schizophrenia included low birth weight (<2500 g), low Apgar score (0-6 at 5 minutes), high paternal age at birth (!33 years), not in labor market of maternal social status, nonNordic country of maternal birth, and family history of psychiatric disorders.
Early Life Exposure to Death of a First-Degree Relative and Risk of Schizophrenia The risk of schizophrenia differed by the causes of death (Table 2) . Compared with the unexposed, suicide death was associated with the highest risk of schizophrenia (aIRR ¼ 2.11, 95% CI: 1.90-2.34). The risk for death from accidental causes (aIRR ¼ 1.44, 95% CI: 1.27-1.63) was higher than for death from disease and medical conditions (aIRR ¼ 1.22, 95% CI: 1.14-1.30). We separated the death due to psychiatric disorders from those due to diseases and medical conditions and found that the risk for death from psychiatric disorders (aIRR ¼ 1.25, 95% CI: 0.89-1.77) was similar as those from other diseases and medical conditions (aIRR ¼ 1.21, 95% CI: 1.13-1.30). The risk for death from psychiatric disorders was not statistically significant, which may be due to a small sample size.
Compared with the unexposed, children exposed to bereavement at 0 to 2, 3 to 9, 10 to 12, and 13 to 18 years had a 75%, 44%, 35%, and 29% higher risk of schizophrenia, respectively ( Table 2 ). There was a decreasing trend of the risk with increasing children age at bereavement (trend x 2 ¼ 148.71, P < 0.0001).
Further analyses performed by the deceased parent's sex and child's sex showed that boys who experienced a death of a father had a slightly but not significantly higher risk than girls. However, boys had a similar risk of schizophrenia as girls if both of them experienced a death of a mother ( Table 3) .
The association between bereavement during the first 18 years of life and schizophrenia remained relatively stable across most of the subcategories of children's baseline characteristics. However, among children with birth weight <2500 g, low Apgar score at 5 minutes, children with maternal education at birth !15 years, or maternal social status being unskilled worker, the associations were not statistically significant (Figure 1 ). Table 4 presented the risk of schizophrenia among single and multiple exposed children. Compared with the unexposed, single exposed children had a 37% higher risk of schizophrenia (aIRR ¼ 1.37; 95% CI: 1.30-1.45), and multiple exposed had a 79% higher risk (aIRR ¼ 1.79; 95% CI: 1.46-2.19).
Exposure to Multiple Deaths of a First-Degree Relative and Risk of Schizophrenia
DISCUSSION
In this large population-based cohort study, exposure to death of a first-degree relative from birth to 18 years of age was associated with an increased risk of schizophrenia in later life. The risk was most pronounced for suicidal death, followed by injury/accidental death. Risk of schizophrenia decreased with increasing child's age at bereavement. Similar results were observed when analyses were performed by type of deceased first-degree relative (mother, father, siblings). The risk of schizophrenia increased with the number of deceased relatives.
Our results are in line with 2 cohort studies on childhood bereavement and psychotic disorders. 23, 27 Our study had similar design and results as one of them in which Abel et al 23 used only Swedish data (children born between 1973 and 1985) to examine the effect of bereavement during childhood period on the risk of psychosis. They defined exposure time as from birth to 13 years, which was different with ours from birth to 18 years. Moreover, Abel et al 23 performed logistic regression to estimate odd ratios and person-year information was not considered, while our study used log-linear Poisson regression of aggregated person-year data to estimate IRR and defined exposure as time-dependent variable. In addition, our study could obtain more precise estimation due to increased sample size (children born between 1973 and 1997 in both Denmark and Sweden). Another Swedish study, where exposure was defined as the bereavement of first-and second-degree relatives during the first 2 years of childhood, showed a nonsignificant association. 22 The different results may be due to the diversity of exposure definition in these 2 studies. Early case-control studies on parental loss and schizophrenia produced mixed results. 24, 26, 36, 37 The methodological diversity and limitation may explain the varied findings and make it difficult to draw firm conclusion.
If stress plays a role in the etiology of schizophrenia, it is expected that more severe stress exposure is associated with a higher risk. However, most studies on bereavement and schizophrenia have not examined effects of types of the deceased relatives and causes of death as indicator of stress severity, and no study has investigated whether multiple exposures to bereavement are associated with a higher risk than a single exposure. We found that death of first-degree relatives by different family members (father, mother, or sibling) had similar effects on subsequent schizophrenia. There was a trend of increased risk of schizophrenia as the increasing exposure frequencies, which also indicated a dose-response effect.
It is possible that observed associations between early life bereavement and schizophrenia may be partly confounded by genetic disposition. In the study, suicide of a family member was associated with the highest risk of schizophrenia, followed by death from accident or injury. Suicide and accidental decedents received more inpatient psychiatric care 27 and psychiatric disorders are also related to accidental death, 38 which made it to be possible that the parents who died due to suicide or accident were more likely to have mental problem. Therefore, the observed effect on suicide or accident may reflect a heritability of mental health in part. However, the risk of schizophrenia was elevated among children exposed to death due to diseases and medical conditions, as well as among those without family history of psychiatric disorders. Thus, confounding by genetic disposition is unlikely to be the sole explanation for the observed associations.
Accumulating evidence suggests that early life adversities negatively affect future health and social well-being, by both biological and psychosocial mechanisms. 39, 40 Early life stress could interact with the genetic susceptibility to impact the development of psychopathology in adulthood. Early life adversities may lead to sustained dysfunction of hypothalamic-pituitary-adrenal (HPA) axis in human, [41] [42] [43] possibly mediated by epigenetic modification, such as increased methylation of glucocorticoid receptor gene 44, 45 or FK506 binding protein 5 gene. 46 Elevated glucocorticoids impair neuronal growth and survival, 47 diminish neurotrophins, and modify immune function, 48 all of which had been associated with psychiatric disorders. 47 Severe psychosocial stressors embedded in early life may be more likely to increase the susceptibility to future psychiatric diseases by the long-lasting dysfunction of hypothalamic-pituitary-adrenal axis. [41] [42] [43] In addition, social and environmental factors following the death of a close family member, such as single-parental household, unemployment of Ã We categorized children as exposed to stress in early life if they lost a father, a mother, or a sibling before they reached 18 years of age. the living parent, low socioeconomic status, extensive changes of caretaking, and health risk behaviors of children could contribute to the development of future schizophrenia.
The association between bereavement and subsequent schizophrenia risk tended to decrease with child's age, and loss of a close relative during the first 3 years of life was associated with the highest risk. This may reflect the greater vulnerability of brain development during one's very early years of life when bereavement may lead to adverse or stressful family environment, although the child may not be able to perceive directly this life event. We also found that bereavement exposure during adolescence was associated with an increased risk of schizophrenia later in life, although the risk was lower than that during childhood. Recent evidence provides a molecular basis of the interaction between genetic susceptibility of mental health problem and stress exposure during adolescence, such as deoxyribonucleic acid methylation modification. 45 Our study has several methodological strengths. First, we examined the association between early life bereavement and the risk of schizophrenia in offspring in the largest population cohort to date. The large sample size in our study made it possible to analyze the effects of different types, causes, and timing of bereavement as well as child sex and other variables. Second, ascertainment of exposure information and psychiatric outcomes from registers are considered to be highly accurate and complete since reporting is mandated by the laws. 49 For example, validation studies on register diagnosis of schizophrenia confirmed a low number of falsepositive diagnoses. There was 94% to 98% agreement between register diagnoses of schizophrenia and research diagnoses. 50, 51 Third, in contrast to many previous studies on this topic, we included potentially important confounders, including several sociodemographic and perinatal factors, and family history of psychiatric illnesses.
However, several limitations need to be considered. First, diagnostic criteria might be different between Denmark and Sweden since the 2 countries used different version of ICD during the study period. Outpatients were included in the identification of schizophrenia in registers of Denmark since 1995, but not in Sweden. However, it is unlikely to bias the association between bereavement during early life and schizophrenia since the difference in diagnostic criteria and cases definition in 2 countries was not associated with bereavement exposure. Second, we could not obtain longitudinal data on personal socioeconomic status. We adjusted for maternal education and social status at child birth, which are related to personal socioeconomic status. Third, we were not able to include information on lifestyle factors that are important in the etiology of schizophrenia. For example, individuals who experienced adverse childhood experiences are more likely to have health risk behaviors, such as tobacco smoking, alcoholism, and drug use. 52, 53 Systematic reviews suggest that daily tobacco smoking 54 and cannabis use 55 are potentially associated with the development of psychotic illness. In addition, cannabis use and childhood trauma could interact to increase the risk of psychosis. 56, 57 Thus, the post-loss lifestyle factors may have a causal role on the occurrence of schizophrenia by itself or through its interaction with childhood trauma. However, as such changes may be in the causal pathways from exposure to outcome, it may not be necessary to control such factors. 58 Fourth, it should be acknowledged that schizophrenia cases not recorded in the registers should be misclassified as noncases. However, this misclassification is most likely to be nondifferential between children exposed and unexposed to bereavement, and may, if anything, bias the risk estimates toward unity.
In conclusion, exposure to death of a first-degree relative before 18 years of age was associated with an increased risk of schizophrenia in later life, regardless of relationship to the deceased, age and sex of the child. The risk was particularly associated with death due to suicide or accidental death, death during early childhood, and exposure to multiple deaths. The complex mechanisms behind these associations remain to be elucidated. These findings suggest that bereaved children could be considered as a ''high-risk'' group of developing schizophrenia, particularly those of parents with mental health problems, and public health program is needed to provide health and social support for the bereaved children. In clinical practice, the history of bereavement of a patient with schizophrenia should be taken into account in the treatment.
